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FORJMORD 

This report consolidates the information gathered during Phase I of the helium 
recovery study concerning helium usage and availability. 
tabulated source data, calculations, and vendors' quotations t o  support the 
conclusions presented. 

The report includes 

The overall design study consists of three volumes: 

Volume I Synopsis of a Design Study of a H e l i u m  Recovery System for 
M U .  

Volume I1 Final Report of a Deaign Study of a H e l i u m  Recovery System 
for MILA. 

Volume 111 H e l i u m  Usage and Recovery Ecluipment Supporting Data 

i 



TABLE OF CONTENTS 

page 
F O ~ R D . . . . . .  o . . . . . . . . . . . . . . . . . . .  i 

"M USAGE AND AVAIIABII;rpy 

A. GENERAL ~ ~ ~ o o o o o ~ ~ o o o o o o o ~ o ~ ~ ~ ~ ~  1 

B o  GROUNDRULES AND BASIC ASSUMPTIONS 0 0 0 2 

C. DISCUSSIONoo . . . . . . . . . . . 4 

D o  CONCIUSIONS 0 0 0 0 0 0 0 0 0 0 0 5 

E o  SUPPORTDATA 0 0 0 0 0 0 0 0 0 0 0 0 5 

TABUS 

I 

I1 

Summary of Helitnu Usage - Saturn V 

Summary of Helium Usage - Saturn IB 

FIGURES 

1 

IA 

2 

3 

Weight of Recoverable Helium per Working Day - Saturn IB 

Volume of Recoverable Helium per Working Day - Saturn IB 

Weight of Recoverable Helium per Working Day - Saturn V 

Volume of Recoverable Helium per Working Day - Saturn V 

ii 



IlELIlM USAGE AND AVAILABILITY 

Phase I of the helium recovery study was concerned wi th  the amount and 
sources of recoverable helium a t  the following locations: 

1. Saturn V System. 

a. Launch Cuanplex 39 MILA* 
b. Industrial  area. 
c. Variaus checkout buildings. 

2. SaturnIBSystem. 

a. hunch Ccnrplex 34. 
b. Launch Canplex 37. 

The use of helium that have been established are: 

2. Ullage pressurization of a l l  tanks on a l l  Saturn V and Saturn I B  stages. 

3. Pressure tes t ing of aU. tanks of Saturn V and Saturn I B  vehicles. 

4. Pressurized draining and purging of a l l  tanks of the S-11 and S-IVB 
stages. 

5. Pressurization of control spheres f o r  various rsubsystem checkouts and 
tests . 

6 .  Thrust chamber purge and coo ldm of S-11 and S-IV stages. 

7. Pressurization and purging i n  Apollo system checkout. 

8. Regeneration of the proposed helium purification system a t  the con- 
verter-cmpressor f a c i l i t y  of Cauplexes 34 and 37. 
purification unit  is presently planned fo r  the converter-canpressor 
f a c i l i t y  of camplex 39.) 

(No helium 

9. Inerting of the LH2 transmission f i l l  and drain line. 

*hunch Complex 39 is  defined as the vehicle assembly building, compressor-con- 
verter fac i l i ty ,  and t h e  pad areas. 



This report summarizes the data collected and revised during Phase I 
and lists the quantity and location of a l l  helium used and the quantity 
and location of recoverable helium if economics dictate  tha t  recovery 
should be made. 

The helium referred t o  throughout t h i s  report is  Grade A helium. The 
Saturn V Apollo program also has requirements for  Grade AA helium fo r  
checkout of the Apollo spacecraft. 
the availability, exact purity requirements, and uses of t h i s  grade is 
l imi t ed ,  t h i s  source of recoverable helium is excluded from the report. 
It appears that the quantity involved is  negligible. 

Since present information as t o  

B e  GROUND RULES AM> BASIC ASSUMPTIONS 

The following ground rules and basic assumptions have been established 
w i t h  NASA-KSC for th i s  study: 

1. 

9 -  -- 

3. 

4. 

5. 

6 .  

A recovery system is defined as tha t  system which captures and 
holds contaminated helium, purifies it t o  Grade A quality, and 
returns it t o  the storage f ac i l i t y  fo r  reuse. 

!be mavjnnnn time that ce~+aizated heli.;;? s b l l  rema% at Cape 
Kennedy is 2 weeks, i.e., all contaminated helium i n  storage 
m u s t  be processed within 2 weeks after a vehicle has been pro- 
cessed either a t  the pad or the VAB. Contaminated helium is 
defined as a l l  helium that  has been released from storage fo r  
checkout and launch purposes, and a l l  leakage. 

Econcmnics sha l l  be based on an amortization period of 10 years 
and a payout period of 5 years. 

The cost of helium s h a l l  be $3.5O/lb. f.0.b. Amarillo, Texas, 
or $4.50/lb.* delivered a t  Cape Kennedy, including 15 days 
demurrage. 

Cost of returning contaminated helium from Cape Kennedy t o  the 
Bureau of Mines for  purification sha l l  be 8C$ of tha t  charged 
fo r  shipping Grade A helium to Cape Kennedy. This helium re- 
covery scheme w i l l  not be considered in t h i s  study. 

Liquid helium storage or transport shall not be considered i n  
t h i s  study. 
Cape Kennedy i n  high-pressure railroad cars. 

It shall be assumed t h a t  helium is  delivered t o  

Wee "Report on Long-Range H e l i u m  Transportation Optimization Study for  NASA, 
KSC, M I I A "  by United States Department of the Interior, Bureau of Mines, H e l i u m  
Activity for  a revised cost of helium delivered at Cape Kennedy. 
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7. The following cost factors shal l  be used i n  t h i s  study: 

a. Power - 1.225$/KwH 
b. Water - 10#/1OOO Gallons 
c. Plant operation labor rates: 

$ Fringe 
Classification - Rat* Benefits 

(1) Superintendent $ 192.70/week 20 
(2) Assistant Superin- 161.54/week 20 

(3) Operator 3. &/hour 15 
(4) Operator Helper 3.24/hour 15 
(5) Maintenance Man 3. &/hour 15 
(6) Maintenance Helper 3.29/hm 15 
(7) Material Handler 2.57/hour 15  

tendent 

d. Delivered price of cryogenic liquids and propellants t o  Cape 
Kennedy sha l l  be as follows: 

(1) IN2 - $ 39*50/ton 
(2) mx - 38.25/ton 
(3) m2 - 17OO/t0n (0.85/1b.) 

NASA General and Administrative Rate - lo$. 
No interest  charge is included f o r  investment funds (cost of 
capi ta l  financing). 

e. 

f. 

8. All helium recovery equipment within the c q l e x  shall be designed 
i n  accordance with the following (whichever is greater) : 

a. Overpressure experienced during a n o m 1  launch; no allowance 
is included fo r  a catastrophe. 

b. Hurricane wind velocity of I25 mph. 

c. The storage container shall  be designed t o  sustain 75 mph winds; 
f o r  hurricane winds it i s  contemplated tha t  the storage con- 
tainers will be de f l a t ed  and covered. 

9. The checkout and launch of one Saturn V Apollo vehicle w i l l  normally 
be performed within a 58-working-day period (one 8-how s h i f t  per 
day, 5 days per weekj. Tne checkout mid U i i c t  q-ds fer cze S=.tc?x! 
IB i s  40 days (one 8-hour s h i f t  per day, 5 days per week) a t  Launch 

*Iabor rates l i s t e d  do not include fringe benefits. 
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Cmplexes 34 and 37. 
IB is t o  be identical  w i t h  t h a t  of the  Saturn V, except fo r  those 
operations which are duplicated due t o  the  location of the Saturn V 
a t  checkout. 
a t  both the VAB and t h e  pad, only one such operation is required on 
the  Saturn IB, since a l l  checkout and launch operations are performed 
a t  the same location. 

The checkout and launch procedure fo r  the Saturn 

For example, whereas the Saturn V is pressure tested 

C o  DISCUSSION 

1. Saturn V. 

A detai led tabulation of the h e l i u m  used fo r  each Saturn V checkout 
and launch operation is presented in Table I. 
fran the rates and quantities stated i n  the Saturn V Vehicle Fluid 
Requirements, D r a w i n g  Nmbers 13500% (S-IC), 1350097 (S-11), and 
1950098 (S-IVB) i n  conjunction with checkout sequence obtained fran 
the various personnel a t  Kennedy Space F l i a t  Center, Cape Kennedy, 
Florida, and Marshall Space Flight Center, Huntsville, Alabama. 
Appendix A sham sample contaminant calculations, and Appendix B 
contains a report of t h e  personnel contacted and data obtained. 

This data was developed 

Figure 2 illustrates the w e i g h t  of recoverable helium per day based 
on a checkout and launch sequence requiring a 58-working-day schedule. 

Figure 3 illustrates the to ta l  volume of contaminated helium per day 
of a 58-working-day checkout and launch schedule. 

2. SaturnIB. 

A deta i led  tabulation of the h e l i u m  used for  each Saturn IB checkout 
and launch cycle is presented in Table 11. 
fran rates and quantities atated in Saturn I B  Vehicle Fluid Require- 
ments, Drawing Numbers 13M20097 (S-IB) and 13t420098 (S-IVB). 
data was used in  conjunction with a checkout and launch sequence 
identical  with tha t  of t h e  Saturn V vehicle, but modified by deleting 
one each of the identical operations performed on the Saturn V a t  
both the VAB and pad and by substituting a checkout and launch cycle 
of 40 working days. 

This data was  developed 

This 

Figure 1 illustrates the w e i g h t  of recoverable helium per working day 
based on a checkout and launch sequence requiring a 40-working-day 
schedule. 
helium per working day of a 40-working-day schedule. 

Contaminants i n  the recoverable helium were calculated by the methods 
shown i n  Appendix A, Sample Calculations, and are included in Tables 
I and 11. 

Figure lA i l lust rates  the volume of recoverable contaminated 
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D e  CONCIUSIONS 

1. Saturn V. 

The t o t a l  quantity of Grade A helium gas required fo r  the checkout 
and launch of one Saturn V - Apollo space vehicle is 69,491 pounds. 
O f  th i s  quantity, it is feasible, though not necessarily econaanical, 
t o  recover 55,307 pounds. 
the  following locations: 

h e  recoverable helium is available a t  

VAB 25,398 lb -  
Pad 27,779 lb*  
Industrial  Area 630 lb. 
Canpressor-Converter Facil i ty 1,500 lb. 

55,307 lb. 

O f  the remaining 14,184 pounds, 2,745 pounds are los t  as part of the 
fl ight requirements, and 11,439 pounds are physically unrecoverable. 
The average canposition of contaminated helium recovered from the 
Saturn V i s  as follows : 

2. Saturn IB. 

The t o t a l  quantity of Grade A helium gas required fo r  the checkout 
and launch of one Saturn IB space vehicle is 16,005 pounds. O f  
t h i s  quantity, it i s  feasible t o  recover 12,500 pounds. A l l  re- 
coverable helium is obtained a t  pad 34 and/or pad 37, since a l l  
checkout and launch operations are performed i n  the  pad area. 
t h e  remaining 3,505 pounds, 950 pounds are lost as part of t he  
f l ight  requirements, and 2,555 pounds are unrecoverable. 

O f  

The overall canposition of recoverable contaminated helium associated 
with the  Saturn IB is helium - 93.0$; nitrogen 2.3%; hydrogen 4.7'$; 
and oxygen - 40 ppm. 

E. SUPFORT DATA 

Appendixes A through E contain infomation supporting the conclusions pre- 
sented i n  t h i s  study, as follows: 

1. Appendix A shows sample calculations used t o  determine helium usage 
and average impurities. 
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2. Appendix B consists of a detailed report of the  cost and usage data 
obtained from NASA during a t r i p  t o  KSC. 

3. Appendix C contains letters of quotation and technical discussion 
fran the  various vendors contacted as potential  suppliers of helium 
storage equipment. 
L e w i s  Research Center i s  also appended. 

A t r i p  report covering information obtained a t  

a. Birdair  Structures, Inc. 
b. Goodyear Tire and Rubber Go., Industrial  Products Division 
c. Geophysics Corporation of America, Viron Division 
d. Reeves Brothers, Inc., Vulcan Division 
e. General American Transportation Corp. 
P. !Trip Report - Lewis  Research Center 

4. Appendix D contains letters of discussion and quotation from vendors 
contacted concering the helium compressor requirements. 

a. American Instrument Co., Inc. 
b. 
c. Rootes-Connersville 

Fuller Can- Division of General American Transportation Co. 

5 .  Appendix E consists of a l i s t i ng  of the documents and drawings pro- 
vided by HASA concerning the vehicle launch site. 

6 .  Appendix F lists the various commercial sources which were consulted 
for technical, estimating, and cost M o m t i o n ,  including the broad 
experience of A i r  Products and Chemicals, Inc. 
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APPENDIX A 

SAMPIE CAICUIATIONS 

In  tb Vertical Assembly Building it is assumed that no limitation, other than 
ecmamic, exists t o  the pruvisim of piping for  recovering helium frcm the ve- 
hic le  

On the Ebbile Launch Structure no additional piping is allowed. 
considerations, however, it is assumed that where necessary the RP-1 ami uloc 
f i l l -dra in  transmission Unes can be tapped. 
K i l l  be determined later in this study. 

For preliminary 

The economic feas ib i l i ty  of this 

1. Sample calculation f o r  : 

Ehnket pressurization. 

Vehicle checks. 

PropeUant ut i l izat ion calibmticm purge 

Purge prior t o  transport. 

Calculations w i l l  be for  the S-I1 I& fuel tank, although they are typical 
fo r  the ather tanks. Since these operations a l l  are performed a t  the VAB 
and since they will occur sequentially and/or concurrently, the calculated 
impurity level  i s  averaged Over all four operations. Specific assm.ptions 
f o r  these openitions are:  

a. 

b. 

C. 

d. 

e. 

Tank is  initially fi l led withnitmgen at  0 psig pressure. 

A blanket pressure of 5 p i g  is applied every ni@t and relieved every 
morning. 

The vent line is  left  open for  7 hours during each work day t o  maintah 
atmospheric pressure i n  the tank. 
in to  the tank through the vent line. 

Only half' of the helium involved i n  the 20 vehicle checks is  recwer- 
able. 
forming the vehicle tes ts .  

The vehicle is transported t o  the pad w i t h  5 psig pressure of pure helium. 

This results in diff'wim of air  

The other half is los t  t o  the atmosphere in the process of per- 

Blanket Pressurization. 

volume of S-11 I@ fuel tank = 38,400 ftO3 For 5 p i g  pressure every night, 

A - 1  



I 
NAS10-1472 

requires 

v = (38,400) ( 5 )  = 12,800 SCF 
(15) 

or W = (12,800) ( 4 ) = 133 lb. 
He (?a) 

For 45 days this is 

W = (45) (133) = 5,960 133. 
He 

Add volume of I$ in i t ia l ly  in the tank. 

V = 575,000 + 38,400 = 613,400 SCF 
Total 

Vehicle Checks 

Twenty pressurizations to one-half fUght ullage pressure (15 p i g ) ,  or  

Only 1/2 is  recoverable, or 

W = 3980 = 2,000 lb. - 
He 2 

Pressurization Utilization Calibration Purge. 

For a time per iod  af 1 hour, using purge rate of i t??m 2.17, DIwIing l3Mwg7, 

W = (62.7) (60) = 3,760 lb. 
He 

Purge Prior t o  Transport. 

By i t e m  2 .l7 of' Drawing 13M5oog7, 
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W = 3,260 lb. 
He 

v = (3,260) (386) = 314,000 SCF 
He (-4) 

Since transported t o  pad with 5 p s i g  tankful, subtract 

v = (38,400) 20) = 51,000 SCF 
k5) 

Recoverable helium is 

bmrities . 
I n i t i a l  tankf’ul of %. 

v = 38,400 f t . 3  

Mf’f’usim into open vent. 

This can be est-ted from the geneml tlme dependent diff’usicm equaticm 
61, air s27 air 

se 8 22 
-=Dair- He - 

where  air = moles of air 

e = time 

z =  length 

The solution t o  this partial differential  equation is  the error integral  
which is platted i n  M c A d a m s ,  - Heat Transmission, tbird edition, page 39. 
Using this solution, the concentration of air  in helium in the vent m e  
at tbe end of seven hours can be plotted. 
Doi r -He  , can be estimted from equation (8-12) af Reid & Shemood, Proper- 
t i e s  of Gases and Liquids. 

The psss dif.Pusivity coefficient, 

---- 
( M  H e ) + ( M  air )  

Dair - H e  = .OOI&j8 T312 [ ( M He)  (M  air) 

c2 He-air 



The values of CHe-oir and are given in the reference. Calculatian gives 

For a vent of constant cross sectian, the concentration of a i r  in  helium 
averages 30$ in  a 20 f t .  length (O$ beyond 20 f t . )  at the end at 7 hours. 
Applylng this result t o  the S-I1 ra2 fuel tank (2 - 7" vent Unes) @xes 
a volume of 

V (2) (20) (45) = 145 ft.3 
air 

or 

V = 115 ft.3 
m 

V = 30 f t O 3  
Q 

Adding the 115 f t .3  nitrogen t o  the i n i t i a l  ta&f'ul of 38,400 f t O 3  ahawe 
it t o  be negUgible. 

The t0ta.l volume of recoverable contazninated helium is  

613,400 
193, OOo 
363, OOo 
263, ooo 

-1,432,400 ft.3 (apprcrximately 14,324 lb . )  

Average nitrogen impurity 

2. Sarqple calcuht ian fo r  purge after Ixxx laid. t e s t  on S-11 IdQ fuel tank. 
Ass- tank i n i t i a l l y  f i l l e d  with Qdrogen a t  -5m. 

v = 530 (38,400) 49,600 SCF 
B2 410 
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item 2.47 of Drawing 1 3 W W  

W = 2,425 lb. 
H e  

V = 2,425 (386) = 234,000 ftO3 
H e  F) 

3 .  Sqple calculation for I€@ load test ca S-I1 I& fuel tank. There are three 
aperatims involKtng helium - 
a.  Ullage pressurizatim 

b. Pressure-drain of I.+ 

Fran Drawing l3%OOg7 

W = 210 lb .  
H e  

b. Item 2-30 

W = 2,000 lb. 
He 

c .  Item 2.47 

W = 2,425 lb. 
H e  

Total weight of helium = 4,635 Ib. 

V = (4,635) (386) = 447,OOO SCF 
He (‘4) 

Imznuit ies . 
If the assumptian is made that the collection of impure helium begins at 
the time the liquid interface passes the point which defines the closed 
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system t o  be purged, the mount of hydrogen included in the helium will 
be determined by boiloff and diffusion and by pockets of nondrainable liquid 
in the tank. Using methods similar t o  those i n  No. labove, the amount 
of hydrogen due t o  boiloff and diff’usian is  

W = 75 lb. 
H2 

Nondrainable liquid remaim in  the triangular space above the cnmmnr Ii$ - 
LUX bulkhead and below the L& fill-drain line. 
mtely 2 f t .  by 10 inches r ight  trlangb an a 33 foot diameter, or 

The dimensions are appnrxi- 

f”’ v = (2) E) (33) = 86.8 ftO3 
2 

W = (87) (4.42) 383 lb* % 
H2 

-re are a lso  five suction line8 to  the engine8 of 6-i& diameter and 
appraximtely 2 f t .  in length which account for  another 9 lbs. %us, t o t a l  
H2 

75 
383 

V = 537,000 ScF 
Total 

4 Calculatiopss f o r  pressurized helium bottles . For all helium bottles, the 
amount of gas used is  obtained f r m  the applicable items listed In Dnsxings 
1WOO96, 13M50097, and 13M50098. For nrLscellaneats tests at the VAB, it 
is assumed that the gas i s  pure and that  only one-half of the t o t a l  used 
is  recoverable, the remainder being lost t o  the atmosphere during the v a r i -  
ous tests. 
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NAS10- 1472 

No reference is available t o  determine amuunt used to  inert. 
to  re@= h a s  than 1s ~ ;2 ,  use appradmately 100 volumes of h e ~ u m  or 

If assumed 

V = (loo) (980) = *,OOoft.3 
He 

A t  pad 37B, this purge takes 1/2 how. 
tank (26.4 lb./min.) is used, (item 2.47 of Draxing l360097) 

If the purge rate for the S-I1 % 

V = (26.4) (30) = 800 lb. 
He 

Since there is lleasanable agreement between these two values, use the higher 
value, 1,OOO lb. For the four purges which are recoverable, the Une con- 
tains two volumes of bydrogen vapor at saturation conditions, 

P = 1b/fto3 

V = (2 j (.&j @3oj (3Gj = 30,200 ft. 3 
Hi2 

v = 422,200 f t . 3  
Tota l  
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APPENDIX B 

A i r  Products and Chemicals, Inc. 

Trip Report of D. Kelemen, D. M c G h n i s ,  and P. Fennema 
Helium Recovery Study of MIIA 

NASA Contract Nunber NAS10-1472 
APCI Project NO. 00-4-ll65 

The following sunrmsrlzes the helium usage infonantian 
obtained from various persannel w i t h i n  NASA who are 
directly associated with the Saturn V and Apollo Pro- 
gram- 

This report cuvers the period fran A u g u s t  2 thraugh 4 
at €hmtsville, AIabfam and August 5 through August 9 
at Cape Kennedy, Florida. 

It should be noted that  several discre$ancies exist 
between the informration obtained froan the various 
sources. No attempt has been d e  to resolve these 
discrepancies a t  this time, but merely to  report the 
data obtained. 

E l  



NAS 10- 1472 

TRIP KEPOKT 

HElXUM KECOVEH STUDY FOR MIIA 

The below l i s ted  corrections and/or additims have been prepared for incorporation 
as sham into the Trip Report, dated August ll, 1964, "Helium Recuvery Study 
fo r  MILA". 

1. 

2. 

3. 

4. 

5 .  

6 .  

7. 

8 .  

9. 

10. 

11. 

32. 

13 

14. 

15 

Revise LI$ price i n  i t e m  la, page E 4  t o  $39.50/tm. 

Change item 3, page B-6 t o  read psia. 

Add the following a f t e r  first sentence of i tem 5 ,  page B-6 (probably 3 t o  
4 times per t e s t ) .  

Revise second sentence of item 6, psge B-6 t o  "of one shift per day 
n o m 1  . . . . 
Delete second sentence of item 9,  page 13-6 i n  its entirety and substitute 
the following sentence. 
before and af te r  the hydrogen load test and a third purge is t o  iner t  the 
fue l  system m e r  precooling the fuel tank prior  t o  loading of IMX. 

Substitute the word "head" fo r  "heel" i n  second line of i t e m  12, page B-6. 

"The first two purges are t o  iner t  the Are1 system 

Substitute the word lr~pheres" f o r  "cylinderslt i n  f i rs t  Une of item 13, page 
B-6 . 
Delete the words ''is not permissible" i n  i t e m  2, pge E7 and substitute 
"can be avoided (by-pass)". 

Substitute the won3 'belium" f o r  "nitrogen" i n  item 4, page B-7. 

Rwise second sentence of i t e m  5, page B-7 t o  read: 
age w i t h  soap bubble t e s t  f o r  5 & d e s  per joint" .  

~bange temperature of i t e m  2a, gage B-7 t o  read. minus 30%. 

Change temperature of item 2e, (2), page E7  t o  read 2509. 

"is presently "0" leak- 

Revise persm contacted t o  read: Messrs. E. Fannin, W. BELckus, J. Humphrey. 

Add the following after the word "bottles" in  i t e m  la, page E 9  "in TXM: tank". 

Revise second l ine of item IC, page E9 t o  read : 
with Rp-1 abosd and once without RP-1 aboard. 

. . . .temperatures once 
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16. 

17 

18. 

19 

20. 

m 

Substitute the wold "vehicle" for  "engines" in  i t e m  2a, page Bg. 

change secmd l ine of i t e m  4a, page N O  to read: 
safety at lo00 psi. 

.... three times to  pad 

Add the following at the end of the third sentence al? i t e m  48, page a0 . 
(This opemtian may require that the bottle pressurization be performed more 
than once.) 

Wif'y the first line of itern 5 ,  page BdO t o  read as folkws: The I+ rrrrpply 
line is purged before and after use . . . . i s  obtained. 

Delete table l i s ted  under i t e m  4, page B-4 in  its entirety and substitute 
the following: 

3 "K CAPACITY - WATER VOLUME IT. 

STAGE - RP-1 - IXM - w 
S-IC 29,474 47,495 
s-I1 22,910 38,400 
S- m 2,828 10,457 

s - I C  lw-1 nd LO[X tank mterial is ahminum 2219-T87. 
tank material I s  aluruinum 2014-T6. The S-IVB UT2 and Mxx 
num 2014-T6 although the S-M3 tank is insulated on the inside. The type of 
insulating lnrterial as furnished by 'Dauglas is  -own to the Future Sttdies 
Branch at this  time. 
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Manday - A u g u s t  3,1964 

Fersans Contacted: A. R. Raffaelli, NASA 
G. Battodey, Chrysler (assigned t o  NASA) 

General introduction and orientation. 

Persons Contacted: Messrs. M. D. Beck and G. Eudy (WE f ran MFC) 
Wssrs. Beck and Eudy discussed their  groqp's f'unction and requested that they 
be contacted during Phase I1 and I11 of this study f o r  the purpose of determining 
the compatibility of proposed recovery schemes w i t h  existing hardware. 

The afternoon was spent in general discussions with Messm. FWfaelli and 
Bottomley as sunnrpsrized below: 

1. The following delivered prices t o  Cape Kennedy of cryogenic prapel3ants and 
liquids were stated: 

a* w - $57/ta 

b. Ixrx - $%/ton 

c. U$ - $146O/ ton  ($0.73/13>.) 

The following factors t o  be used for this study were received: 2. 

a. Power - 1.225#/KWfi 

b. Operatim Iabor - AFCI t o  use same rates presently experienced at 
Patrick AFB LcD(: Plant. 

c. Iabor EXTiciency - To be determined by APCI 

3. Actual helium used based on purchasing records for  Saturn latmches of SA-5 
and SA-6 were given as 

a. SA-5 33,340 lbs. of helium 

be SA-6 =,I63 DS. of helium 

NUCE: S-IV was operational on both vehicles 

4. The folluwing tank capacities were received: 
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5 .  The follaKiag ground rules applicable t o  this stw were discussed: 

a. A t  present, it is contemplated t o  deliver heliumto Cape Kennedy in high- 
pressure railroad cars and not as a l iqyid. 

b. Equipment within the caaprplex is required t o  withstand the overpressure 
experienced durbg  normal launch. 

c. Only normJ launch will be cansidered in this stUay althuu@ some con- 
sideration should be given t o  expendability of e q y i p n t  i n  case aP a 
ca ta s tm.  

d. Economics shall be based a: 

(1)  en (10) year amortization period 

6 .   he KSC Operstim PU (preliminary), consisting of severs1 nanuaU, wss 
reviewed. The fallaKing informtion concerning helium usage was extracted: 

a. F8.ge 6.10.3.3 - One Saturn V C h e C k a t x t  ami launch is pI.e&ict;ed to require 
7,784,000 SCF (n,&O lb.)  of hellurn. 

b. Page 6.10.3.4 - One Apollo checkwt and launch is predicted t o  require 
200 SCF (2 lb.) @ 6OOO wig. 

!hX?SdZ3y - A w t  4, 1964 

Person Cmtacted: M r .  B. H. Adams 

The following informtion was received fran Mr. Adams arYi associates: 

1. All tanka of all stages arrive a t  Cape Kennedy w i t h  3 - 5 p i g  nitro- ex- 
cept the S-IV t a d s  for which helium is  specified. 

3.  F'ressure test LR2 fue l  tanks at  following PESBW : 
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Rate stage - 
s-I1 20 - 25 psig 
S-IVB 20 - 25 p i g  

NUTE: Full working pressure of these tanks is 40 p i g .  

4. One pressure test of helium spheres i s  performed in VAB a t  1500 pig. 
pressure in the spheres may not exceed l5OO psi& i n  VAB f o r  safe* reasons. 

The 

5. The subsystem checkouts require pressurizatim of control spheres for  appraxi- 
nately E? te s t s  a t  VAB. 
frmu the control spheres during these tests. 

Doubt was expressed at the recovery passibil l ty 

6 .  A l l m c e  should be rnade for  the additional hUum usage because of me shlft 
per week norm1 operation w h i c h  would re- that a l l  tests be completed 
witbin an eigM hour day or  restarted. 

7. A l l  -1 tanks are pressurized t o  3 - 5 psig with helium prior  t o  de- 
mrture  of Mobile launch Structure with vehicle aboard froan the VAB to the 
pad. 

8. A full pressure test is performed a t  pad on all control spheres at design 
temperatures . 

9. A propellant load test and two purging operaticms w i l l  be performd at the 
pad. 
load t e s t  and the second purge is t o  inert  the -1 system after precooling 
the fuel tank prior t o  loading of LUX. 

The f i r s t  purge i s  f o r  inerting the fue l  system after the hydrogen 

NOH3 : During the load test, the f'uel and ooridizer tanks will not be filled 
simultaneously. 

10. The pressurization of the control spheres is required f o r  two additional 
subsystem t e s t s  a t  the pi. 

The -1 tank insulation i s  on the inside of the S-NB stage and on the aut- 
side of the S-I1 stage. 
allay. 

Because of the position of the IdQ fue l  taslk drain m e ,  9 two foot heel 
of % remains in the tank af te r  drain-. 

H e l i u m  cylinders are presently used i n  the S-IVB stage t o  dmin  the UXX tanks 
arter a cryogenic load t e s t .  

ll. 
The material of the S-I1 fuel tank is an aluminum 

12. 

13. 

Person Ccmtacted: M r .  N. Porter 

The following information was xceived fmrm Mr. Porter: 



1. 

2. 

3. 

4. 

5 .  

The helium supply l ines on Mobile bunch Structure were discussed, The 
present design has two 3" double extrs strung l ines supplying helium t o  
hbbile launch Structure with only one line, 2.3" ID, appraximtely 300 f t .  
lmg, 6000 psi sendce, ascending the tower. 

A capability exists t o  vent the helium l ines  at battan of' the Mobile Launch 
Structure. 

The proposed procedure is  t o  blow dawn the 6000-psi he l ium l ine  t o  at-- 
pheric pressure prior t o  transporting the bbbile launch Structure back t o  
VAB or parking area. 

B a c ~ l a w  through the h e l i u m  filters is not permissible. 

A positive pressure i s  then maintained in helium lines using nitrogen. 

The estinated helium loss associated with the Mobile Launch Structure helium 
l ines  is 0.5 cc/min per f i t t i n g .  

Fersms Contacted: Messrs. T, White and R. Barclay 

The folluwing i n f o m t i m  was received from Messrs. White and BnrcLay: 

1. 'Fne blomlm loss expected i n  each CCF helium canpressor is apprarxinStely 
500 SCF (5 lb.)/compressor/day. Five (5) compressors are planned fo r  Com- 
plex 39. The contasninants are oil, air, and water. 

2. H e l i u m  is t o  be used in regenerstion of cold trap purification system. 
the design of this uni t  is incomplete, the followbg information was provided : 

Since 

a. Initial conditions : 

mdnus 350%, 6OOO psi 

b. T o t a l  contaminants t o  be b a e d  on 10-huur operation at 750 SQ?M (7.5 
lb. ) helium containing 500 ppm impurities (8% % arad 2@ 0 2 ) .  

c.  Total volume of system 

15 CF water volume 

d. Bed volurpe 

3 CF water v01m.e 

e, Proposed reactivation procedure 

(1) 

(2) 

Depressurize bot t le  t o  1 atm gage 

Heat to 350% i n  closed system bleeding excess pressure 
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(3)  Purge and cool with pure helium till helium purity is  50 ppm 

(4) Repressurize bottle t o  6000 ps i  f o r  standby 

3. 

4. 

Canpressors f o r  Complex 39 are Jay Campressor having l l O - 1 2 5  p i g  suction, 
6ooO p i g  discharge (capability t o  10,OOO psi  discharge), and 150 SCFM. 

The replenishent rate at  Complex 37 is 2 hours/day, 7 days/week. 
practice is t o  prrmp helium t ra i le rs  dam t o  200 psig mininntmthemby ellmi- 
mating contarnination of the tube trailers. 

Present 

Wednesday - August 5, 1964 

Fersons Contacted: Messrs. J. B. Stme, W. paulus, J. Jason 

The fol lar ing estinated quantities of helium required fo r  each launch of the 
f cillaring vehicles w e r e  obtained: 

Saturn I. 

S-I Booster 
S-IV 2 n d S t a s  

S-IB Booster 
S-IVB 2nd Stage 

Saturn v. 

200,000 SCF (2000 lb.) 
1,9’70,000 SCF (19,700 lb.)  

S - I C  Booster 
S-I1 2nd Stage 
s-IVB 3rd stage 

2,000,000 SCF (20,000 lb.)  
15,760,000 SCF 
3,9’+0,000 S(=F 

The quantities of‘ heuum requfred for Saturn I B  and Saturn V were estinnted using 
the folluuing: 

S a t u r n I B  = 2 x S a t U r n I  
SaturnV = l o x  Saturn I 

The accuracy of these estimates is not known. 
be order of magnitude quantities of helium f o r  these f’utum programs. 
the initial checkcut of the VAB will require B.5 million SCF (185,000 lb. ) and 
4 million SCF (40,000 lb.)  f o r  each launch pad. 

These quantities a= assumed t o  
In addition, 

Persons Contacted: Messrs. E. Farmin, J. Backus, R. Humphrey 

’RE following infomation was obtained f r an  this group which i s  associated with 
mechanical aspects of launch vehicle: 
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1. A fifty-eight day cbeck-aut and assenibly schedule is a s s m d .  Dhuring this 
time the KIX and LQ tank8 of the S-I1 and S-IVB stages are kept under a 
3 t o  5 psig blanket pressure with helium. This pressure is relieved appraxi- 
mate* 45 out at the 58 &gs t o  acccmmodate variaus t e s t s  requiring the tanks 
t o  be at  atmospheric pressum. The blanket pressure af 3 t o  5 wig is al- 
ways applied avernight even if an opemtian is not completed. Dgl.ing this 
time, it is possible that an addi t ional  purge w i l l  be zequired folluwing 
the opening of one ar more tanks for inspection and/or repair. 
of the tank is not a noma1 aperation bat has occurred in the past. 

This apaning 

Specific information applicable t o  each stage is 88 follars: 

1. S-IC Booster 

a. The helium bottles are pressurized t o  lo00 t o  l5Oo p i g  at anibient temgper- 
ature approarimstely 40 times for various tests at the VAB. 

b. The bottles are pressurized 3 or  4 t i E s  t o  1OO0, 1500 psQ and at ambi- 
ent temperature a t  the psd and once to  3000 psig at  c ~ g e d c  tempera- 
tures . 

c. The fuel tank i s  pressure tested t o  flight ullage pressure at -lent 
temperatares twice with no RP-1 aboard. 

d. The IXM tank is cycled once a t  the pad t o  flight u3lage pressure w i t h  
no LQX aboard, followed by pressure test t o  the same pressure with IXE 
aboard. 

2. s-I1 2nd stane 

a. The LCLX and I+ tanks are pllessurized t o  1/2 flim ullage pressure ap- 
pmPdmately 20 times for engine checke in VAB. 

The helium bottles are pressurized approximately 40 t-s t o  1500 p i g  
for  various tests at VAB. 

b. 

c. There is a one hour purge of the LUX and 
point for the calibration of the p r o p e l t  uti lfz8tian (P.U.) probe. 
This purge i s  acccxplished by opening fill-Win valve and purging throu&h 

tanks to achieve -65- dew 

pressurization valve . 
d. There is a purge with grade A helium prior t o  m d n g  vehicle t o  pad, 

pr ior  t o  propellant load tests,  and prior t o  loadirq \r flight. 
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3. S - r n 3 r d S t a g e  

A l l  operations are the same as those for  the S-I1 stage with the exceptim 
of the purge of' the + tank insulation which is not required on t h i s  S - I ~  
stage . 

4. u n e s  

a. S-I1 stage b s  5 engine control spheres which are purged for  5 minutes 
and pressurized three times t o  5 psig. Venting is accolqpllshed through 
the engines. These bottles are also pressurized mce to appraxinrrtely 
600 p i g  for  a leak check. Operating pressure i s  1250 psig. 

b. S-IVB stage has one engine control sphere on which the stme operations 
are performed as  f o r  the S-I1 stage engine control sphe=s. 

5 .  The LIC;! supply line is purged after use un t i l  a purity a€' bet ter  than 9s 
helium is obtained. This purge normally takes me half hour an psd 37B. 

The campressor-cmrter  f ac i l i t y  which servlces C c m g l e x  34 and Ccmplex 37 was 
Visited. 
(400 lb.) capacity each. H e l i u m  is expanded fmm the hL2;isl trailer pressure 
of appmxinstely 2400 psig to the colepressor suction pressure of 120 psig with 
the pressure i n  the t r a i l e r  txibes nraintained above 200 p i g  min3mm. 
Caxldair compressors of 140 SCFM capscity each charge the helium t o  the high- 
pressure storage areas a t  each COIIQIBX at a pressure OCP 6000 p i g .  
lost daring the initial purge of the trailer-to-caarpressor caonecting linea, 
and during compressor blowdown at  the end of each cbarglng operatim. 

Helium is dellvemd t o  the fac i l i t y  in tube trailers of 40,000 SCF 

!l!he 3 

~ f e l i u m  is 

Persons Contacted:  Messrs. W. R.  Meyer, R.  Engel, R. C. Butterworth 

For the LIB! fue l  pressurlzation s y s t e m ,  sppraxiplately 55 lbs. of helium ier needed. 
This quantity is used three times in the industrial area far checkout operaticins 
and is loaded m e  on the pad for fl.i&t. The flight operating pmssum? is 4000 
wig* 

For the senrice ami commad modules 90 puunds of helium is used f o r  the purging 
of the propellant tanks. 
mate* 300 p i g  or 1-1/2 tims the 200 psig operating pressure. 
bas a capacity of 2000 gallons and the oxidizer U%nk has a capacity of 2500 
p l l n n n .  A ~ r m c S n m + P ~ V  2m p!& nf klt!! is -sed 
chedkmt of the service module. This t e s t  is performed twice. 

These tanlrs also are heUum p ~ s s u r e  tested at approxi- 
 he fuel tank 

tk pzp?Lsics s p t i  

Negligible amaunts of grade AA helium a= used f o r  purging the fuel cel l .  
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Ferscsn Contacted: M r .  C. F. Brlnkmm 

Ccmfirmatim of information received from W. R. mrs, R. Engel and 
R. C. Butterworth from an Industrial h a  fh2iUties standpoint. The industrial 
area h s  several 10,000 psig storage tubes o w  now holding heuum at 6ooo p i g .  
Helium will unly be used in the foUavlng five bnildings of the Industrial Area: 

1. Spacecraft; Opelation and Checkout Faci l i ty  

2. Emrlxmmntal Control System wzilding 

4.  Hypergolic Test Building 

5. cryogenic Test Building 

The o n l y  significant uses & helium i n  the industrial area are those quantities 
used for checkout of' the Service Module and the 'Iuaar Excursion Mule. 

Unrecoverable and negligible amamts will be used for  welding and instnanentatim 
c&ckgut t& h&&rai 

Present plans are t o  e@p camplekly only two h i @ h y s  of' the VAB with hel imn 
and other high-pressure giasas and services. A 2" gasearrs nitrogen line is the 
only existing vent pJaXlmd; heum i s  to  be verrted direct ly  in the bullding. 
(Design ventilation at VAB cu for  cue air c~xmge/hour.) 

AIC1 was promised detail dmwings of VAB plans, VAB area, and a pi- flowsheet 
by the Future StMies Group of S C ,  Hmtsville. 

F r i a y  - A w t  79 1964 - AM 
Persm Contacted: Mr. R. Burns 

After initial intrcduction, there was a visual  orientation of canplex 39, spe- 
CificaUy the Mobile Launch Structure assembly and erection area, crawler- 
transport, assdbly area, VAB, Iauncb Control Center, Ccmqmessor-Converter Fscilf- 
ty, CrswlerWay, a114 psd A. 

F r i a r  - August 7,1964 - PPlI 

The final stqq at clmp&x 3?B for a V?-St!l nri-mtetjnn n_n_ P_Y_ja+.-tnZl c-gler- 
ati-1 launch facility. A st@y v a s  made of the type af attachments and con- 
nections c w  used f o r  vehicle loading and of the type of ports which might 
be available for vent gas pick up. 
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BUFFALO INDUSTRIAL PARK 
1000 BROADWAY 

BUFFALO 12. NEW '10111 

Novmber 13, 1964 

Air PWChlOt8 and Chemicals, In00 
Post Office Box 538 
Al.lent own, Pennsylvania 181% 

Attention: M r .  D. L. McGinnia, C , o s t  Engineer 

Gerrblernen : 

Please excuse the  ta rd i ress  of our reply t o  your inquiry of 8 October 1964. 
The requirements themselves are  a i f f ic l i l t  t o  understand and t he  solution is  
ce r t a in ly  not c lear  cut. 
of functional and operational fec s i b i l i t y .  Whether the  economics involved w i l l  
prove favorable or not remains t c  be saen. 

We do Iel iqve,  howeve?, t h ? t  there  i s  a strong element 

mr - 
A I I ~  basic concept of the f lexible  low pressure helium col lector ,  as we 

have furnished it t o  NASA (Lewis Lab), consists simply of a gas t i g h t  hemis- 
pherical  envelope (including f locr  diaohragm) constructed from a high qua l i ty  
Hypalon-coated nylon fabric.  
hemispherical a i r  supported s t ruc ture  (a l a  radme design) of the same s i z e  and 
shape. 
takes  a l l  of the in f l a t ion  and aerodynmic loads, and, of course, the  brunt of t h e  
exposure. 
requirements. 
permanent i n s t a l l a t i o n  i n  t h a t  i t  recluires a fa i r  amount of s i t e  preparation and 
a good anchorage footing ( in  t h e  s i zes  wi th  which you are concerned). 

This envelope is i n  tu rn  housed within a 

A common anchorage attachnent is ut i l ized .  The outer "weather she l l "  

Its material  woula be selected on the  basis of the  environmental 
Although demountatle and portahle, it i s  i n  a s t r i c t  sense a 

The inner, helium col lect ion bag is not required t o  resist any loading, 
except t h e  pressure d i f f e ren t i a l  of i t s  own weight and such buoyancy loads which 
r e s u l t  f r o m  par t ia l  f i l l i n g .  
t h e  outer  weather shel l .  A pressure r e l i e f  valve must be provided i n  the charge 
l i ne  t o  prevent over inf la t ion.  
be equal t o  t he  in f l a t ion  pressure of the outer envelope (normally 1 t o  2 inches 
of water). 

When f u l l y  extended by the  helium, it bears against  

The helium charging and storage pressure must 

1 
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(a) The maximum col lect ion volume of 970,000 scf would require e i the r  one 

(b) The 6000 scf/minute col lect ion r a t e  would represent no problem. 

150 ft. diameter hemispherical stmicture, or  two 120 f t .  diameter structures.  

(c) The helium col lector  would pmsumahly be located remate t o  t h e  tower and / 
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I n  t h e  o r i ~ i n s l  NASA unit  the helium k;?? ms only the coated fabric. 
Tb i s  d i d  reml t  i n  s l i y h t l y  h i q k r  lexsjes and con',win3tion t h a n  was desired f o r  
t h e l r  par t icular  application. 
was provided w i t h  a laminate of F , r l e r  and f o i l  ndiod  t o  the inner helium bag. 
T h i s  siKnificantly improved the gas-holding perforname, but we, frankly, have 
some reservations about the overall  l i ? e  of the cvlnbined material  (with respect 
trl dalemination) under aonditions of repeated f lax lna .  
Mylar, and laminating cements all have different e l a s t i c  charac te r i s t ics  and 
there  i s  no long tern exposure experience on t h e  cement urder these ra ther  unique 
requirements . 

Th z sub~equent u n i %  (arid t h e  original,  reworked) 

Tho aoatnd fabrio,  f o i l ,  

Birdair 's  recommendation is t ha t  the overall  system concept provide 
f o r  adequate purif icat ion equipnext,, thus permitting the  helium bag t o  be of t h e  
coated fabric construction only, rather than imposing a severe permeability 

maintain, 
evaluat i on. 

requirement which would be exceedingly d i f f i cu l t  t o  meet and even tougher t o  ' ,  

We believe t h i s  t o  be L r e a l i s t i c  approach and tb proper basis for 

I 

i (d) A s  previously noted, t h e  heliiun collection would normally be subjected t o  
1 t o  2 inches of water back pi-essure, plus any chrct f r i c t i o n  losses. 
can not be tolerated,  I presurle the t  a pumping stage would have t o  be added 
(by others).  

If t h i s  / I 

( e )  Relative t o  wind veloci ty  perj'ormance, our normal design velocity would be 
An increase i n  de::ign Fknd severely penalizes the design i n  t h a t  

e n c r e a s e s  as t h e  squai.e of the velocity. 

The following i s  i n  repl; t o  your specific (page two)  questions: 

10 We compute tha t  the helium permeability leakage r a t e  from a 150' hemispherical 
dome would be i n  the order of .2 cu. ft./?h hours; o r  
for a 120t dome. These presme no tlmechanical" leakage. Unfortunately, we 
can not guarantee leakage ratcs because we, frankly, have no means of 
determining or  pre-testing t h l s  factor.  We can offer  only the  assurance of 
"best effort" i n  providing a gas-tight constructi.on. 

rnt f%=/2!~ hnllrs 

We can, of course, s top  

c -2 



Buffo:o 12, New York 

A i r  Froduc tn and Chemicals , Inc . -page 3- November 13, 196h 

nn.-r mechmical leak (by appl-cat tcn of a patch) t h a t  t he  customer can loca te  
2nd idcr t i fy .  
inward contm ina te  leakage . 'de are  unable t o  provide any meaningful indication of the  

2. See our pr ior  description: 

i n s t a l l a t  ion. 
(a) A 3  indicated, i n  t h e  sizcs required, the u n i t  is  essent ia l ly  a fixed 

(b)  Flexible construction; hemispherical shape. 

( c )  1. Helium bag, Hypalon-coated nylon. 

2. Outer %reather shel l ," neoprenewoated nylon, Hypalon painted exterior, 

(d) The 150 ft. diameter hemisphorical col lector  can be considered as about 

3. With material as described a'tove, t he  system could be assumed t o  have a l i f e  
of 10 years,  with the  outer envelope being repainted every two  t o  tlp-~a 

There are no general "design standards," per se. 
acceptable s t ruc ture  i s  the select ion of a qua l i f ied  suppl ier  who can o f fe r  
"proven performam e .I1 

the  upper end of the pract ical  size range a t  t h i s  time. 
- .  

__- .--- ------ .- YEJZ.S [ h ~ ~ e d  CT! CO& ~ZE=US exposr;ie) e 

4. The best  assurance of an / 
5. The l i m i t  on ra te  of f i l l  is nostly a functlion of  the duct e x i t  velocity and 

the. resu l t ing  3npingement of the gas on the envelope. Violent flapping of 
the  fabr ic  i s  t o  be avoided. We would normally recammend l imit ing t h e  exit  
veloci ty  t o  less than- s-O-.ft../sec . _. -.--- 

6. Based on t h e  recommended configuration discussed above, i n  these la rger  size 
s t ruc tures  t h e  cos t  of t h e  helium col lector  system (less footings and 
in s t a l l a t ion )  is  estimated i n  t he  range of $ A s  t o  96.20 - per CU. ft. 

7. See previous comments. 

I hope t h a t  t h e  above will move helpful i n  your evaluation. 
of course, be pleased t o  have an opportunity t o  be of fur ther  service i f  your 
s tudies  indicate  a basic feasibility. 

we m l d ,  

Very truly yours , 

Alvin C . Smith, 
Vice President - Sales 

b t  s 

encl. (brochure, "Fleet t he  A i r s h e l t e r ' l )  
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encl. 

TELEPHONE: (CODE 718) 891-5100 . TW;.: ( C O D E  7 1 6 )  8511-1094 
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December 23, 1964 

M r .  D. L. McGinnis 
Cost Engineering Department 
A i r  Products and Chemicals, In:. 
Post Office Box 538 
Allentown, Pennsylvania 18105 

Dear M r .  McGinnisr 

It seems t h a t  I am habi tual ly  apologizing for my tardiness  i n  replying 
This i s n ' t  a v e r y  good way of get t ing off on the  r igh t  foot, t o  your requests. 

but our proposal-quote c m i t m e n t s  have had us working around the clock t h i s  
past couple of weeks. 

rn. ine foilowing enciosures are forwarded for  your presenbation w e t  

1. B i r d a i r  Corporate Brochures ( 6 ) .  
2. 
3. 
4. 
5. 
6. 

Airshelterst  promotional piece, WQet t h e  Airshelterll (6). 
Two Architectural  Forum a r t i c l e  regr ints  (1 each). 
Buffalo Courier Express Sund~,y Supslanent (11, 
Photo reproduction of our Tels tar  Hadome, znd Canadian D.O.T. Radome (6 each). 
Material sample, typ ica l  helium col lector ,  inner envelope (1). 

The above should provide sane-gauge of our a b i l i t i e s  t o  cope with 
unusual requirements and satisfy requirements for both large and unique 
s t ructures .  We hope t h a t  t h i s  information reaches you i n  time t o  be of use. 

Very t r u l y  yours, 

Alvin C. Smith, 
Vice President - Sales 

bts 

. CABLE ADDRESS: EIRDAIRBUFFALO (U. S. A.)  



Buffalo 12, New York 

A i r  Products & Chemicals, Inc. -?age 2- December 23, 1964 

P.S. As requested by telcon w i t h  your Hr. Kellcrman, we advise t h a t  there  would 
be no r i s k  of a s t ruc tura l  x p t w e  of t t e  imor bag alone. 
outer  bag, could, of course, be ruptured by overf i l l ing  (over pressuriZiw)e 
Birdair does not provide ansr safeguards against  t h i s  beyond specifying 
t h a t  t h e  customer m u s t  placz a relief valve i n  t h e  helium charge line, set  
t o  approximately 3-h inches (water gage) d i f f o r e n t h l .  
preswlu wemid be in %he erior a9 1.3 inekae. 

It, plus the 

Noma1 inflation 
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TOIO~IIO~IO TX 6 - 5100 

AIR >TAIL 

BUFFALO INDUSTRIAL PARK 
1800 Bvwdwey 

6ufkb 12, Now Y a k  

A i r  Products and C h m b d S 8  Inam 
Past Office Box 538 
Allentown, Pennsylvania 18105 

Attention: l?r. D. L. McGinnir, C c s t  Xn7;ineer 

SubJect I Helium Storage ContUr ers 

Reference: (A) Your t e l c a l l  Janwry 15, 1965 
(B) Birdair Letter Notranb2r 13, 19% 

(A) Two copiea, Birdair Proprietary %go P6k-3-27 
(Far reference purpose8 only) 

Enclosure: 

Dear Mr. XcOirmlst 

Per your request of Janwty 15, 1965, Birdair Stniatnres,  Inc. I s  

c 
0 
P v 

pleaaed t o  s u h i t  the following irforxation and budgotqy ssthates  for the  
helium storage containers as spec!fied i n  the Reference (B) l e t te r  arrl as 
briefly outlined below. 

We concur with you t ha t  t h e  PI-rdalr a i r  sopported h e l i m  gas starage 
containor system is most su i ted  fcr your appliccition i n  stor- la rge  volumes 
of gns economically. 
d t h a t a n d  the specified wind loadf of 75 miles psr hour. e 

The proposec mataerials w i l l  prtvic2e maximum l i f e  and w i l l  

A s  a matter of backgrounc' inCormation, Birdnir respectfW3y suhnite 
that t o  the best  of our knowledge M C ~  :leueloped. ncd f&bricated the first flexible, 
air  supported helium storage contrincr i n  t he  United States.  
accomplished for t h e  Cornell  Aeroi aii t ical  Laboratories i n  the  year 1?58 and the 
system is still i n  act ive use. 
in e i x  addi t ional  design and manulacturing p - o g r n s  relating t o  helium gar, 
storage and salvaging operations. 

imludes Buch qual i f lcat lons and clarifications as deemed n e c e a 8 ~ .  

The program was 

SInce tiis i n i t i a l  effort, Birdair has engaged 

The following br i e f ly  dercribes t h e  Eysten which B i r d a i r  proposes and 
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February b, 1965 

I 1, 

2, 

3. 

k.  

5 

6, 

- Dccirn Conditions: The p r o p  wd structum rmiild bo doeigned for wind loads 
orTI/Pph, 

ace: F i r d a b  would p-o * i d ~  l o l l e d  ;>iw :ioct.ions and bolts for  anchor- 
inz  o a concrete pad or base rir? (by ot!icre), Tim rollod pipe anchorage ,* is c m o n  t o  both the .mer anC ou!;cr* mv?lofes, 

Prcsnuri.ation .SVStm. t 
bla.rers with shuttoi*s to prev mC, 5:ck d r a 3  orxi Imtors mitable  for outdoor 
installation, Rlmor control.: arc3 f o r  indo-r Lnztallatlorl. As requested, 
a gasoline-powered emergency ::onc:.='rtor wcml2. T (rb be furnished. 

The p W E  a izatioii y ~ t c c n  .rm~ld consist of two 

Smplin,o tube: 
plastic matorial, attached t o  t!x inrxir sm-'fxct of +,\e outer envelopo, 

Birdair trould F X V ~ . ~ O  one t - ike ,  3/sft diameter, of suitable 

running frm the-inner crown of thr outor a-.vchl:e d o m  t o  and out *ugh 
the outer envelope i n  the vic'.nity of  the a c c c m  opming. 



9. - Ii?rtrllF.t,ion: 

ninho: f -93 sisc.3 o f  hemispherical c o - t  liners pn>p>md for t h i s  budgeterg 
quotation, and th t o t a l  volume Q ~ 1 : s  :d by the  pcxoaec l  units: 

Birdair vould i r o * - i ~ l ~  tho cci-vil: ?:J of on0 factory reprosontativo 
perviso the instcallatior '-ho estimit c!d ~ m p m r e r  and equipncnt required 
thwo)  for the Installation aqmws ir. a l a t o r  section of this proposal. 

The fol lmdnz lists tho nin;Tim rolune!q of helium to be stored, the 

1. 
2, 
3. 
tl P ! I  

1,1,10,000 
2,810,000 
3,516 ,cco 
~,8~0,000 

5,876,625 

1. c., 1301 diaTeter c xit , tr i : i  S X O ,  000 
2, P ; r  l b O c  diameter o mtc R:: 450,000 
3. 2 0  150' diarnotcr rstt .a:: 5~0,000 

S' 150' diarnotcr t T C , C . V '  855,000 
b m  On 130' diametor r rch 4:; and 

De1ivcI.r -Y 
Since the fabric matoric :G f o be use:: !.n ",ha abmo anoofoFea are 

s p c c i a ~  desizned for this appl?. :c7t5 on, an& oincr, l L r a  delivery pramisas were not 
obtained fron our suppliers 3t t h i s  :.k!e, we c a ~ .  on:$ cstimate at; present that 
the delivery of t h e  first unit w o i l d  50 approuj.niate?..g 20-2h w e b  AmRmOm with 
each additional unit  delivered ap a o x b a t e l y  3-h tmoks thereaftor. 

C -8 



Tho foU.critin:.! inforraticn i; subnittc.l t c  c m k t  you in plnnning and 
b;ici:::tlny: fc:. t k c  coccrete founci- tio i i n s t a l l a t i o n ,  and the in i t ia l  instal lnt ion 
of tnc te1iu.n storace systm: 

A, Fdundation kquircnents: A cor.c:x',o curb i.3 ro:-d.red with a cr030 coctlon 
of 0 s:!uare feet, 
3prcS:iLr= in  tho evcnt c f  c*-a:l;s in tko cowrete. Tho inner dimetor 
wt'z should be cozplctdy c rv2rod with a f ine grain sand, black top, 
or ccncrote, t o  prevent abrFsion of t l in  Inccr cnvelope ground diaphragm, 

inst~Mst ion (under Dir: alr s-ipervicion), it LR osthated. that the 
follc.:ring equipcnt and am,.omr ( t c  \;e fhiniehod by ot'iers) muld be 
nacosaary; por unit: 

The ~ k 7 - n :  E h G l i l d  *:)e r o d  niinfoized to p-svont my 

E. I , t - l l a t i o n  Gquipment hnd ?TI rqo -e? Raqiiirmcntst To accmplish tho i n i t i a l  

L9,borcrst 8 mon fcr 3 days - 24 man dqVs 
Xlcctrician: 1 mar €0: 2 daya - 2 man d q s  
1 Cram - 1001-125' b o J m  with opcrstor 

1 Forklift truck 

t 
(30 tonj - 2 driyo on site - 3 days on sit0 

n 
7Je trust the infonnat.ior co.it lined h c r - j i n  i s  complete 2nd mtisfactorg 

in  e v .  y renpxt and contains a13 .ths infomet-bn y c n  requcatedj L s o ,  that your 
custc,;-* D w i l l  decide favorably 3.1 t h ?  dse of t5is Gysten, If you havn any 
furthqr questions or require further assistcvco, FloascJ do not hesitate t o  

V t z y  tntly yours, 

P3:194If: Structures, Inc 

contav U8g 

A~nand N. IIeNarohi, Sale8 &&mer 

bte 
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Good,,wm T i r  3 and RLrbllcr Co. 
P .  0. Bcx 2.0<37 
Allcnto: n ,  1 >ma. 

Phone : 264-3029 

Wc :fish t o  t h m k  ycu lor your i.n->c.rc:;!t and honc m m?y 
bc of s c r v i c c  t o  you. 

Yoiir:; VGB t r u l y ,  

D. G, Roiicy Jr. 
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2 c o t  a t i  on F r oc-i s i  OD s - -- 
Price l i s t s  and quotations a r 8  sabject t o  c!iange without  notice. 
accepted orders a re  a l so  subject t o  change by Goodyear, bu t  the Customer 
w i l l  be not i f ied  of any pr ize  increase and may cancel any undelivered portion 
of t h e  order by wr i t ten  notice t o  Goodyear delivered not more than 10 days 
a f t e r  not i f ieat ion o f  th. incraiso. &on omcaiiation, tho Curtamor a h a l l  
have no l i a b i l i t y  fo r  the canceled portion of the order except a s  t o  goods 
then manufactured or i n  process, componenets procured by Goodyear from out- 
s ide sources, and special  tooling and equipment procured f o r  performance of 
t h e  order, 

Prices i n  

I n  addition, a l l  p r i ces  are  subject t o  increase from t i m e  t o  time t o  compen- 
sa t e  for any tax, excise or levy imposed upon the goods sold, o r  upon t h e  
manufacture, sale ,  transportation or delivery of them, or whenever any tax, 
excise, levy, law o r  governmental regulation has the effect ,  d i r e c t l y  o r  
ind i rec t ly ,  of  increasing the cost  of manufacture, s a l e  or  delivery. 

C-ccdyezr shall  n o t  be l i a b l e  o r  deemed i n  default  fo r  f a i lu re  to  deliver o r  
delay i n  delivery due t o  any cause beyond i t s  reasonable control. 
t o  meet del ivery schedules, Goodyear w i l l  endeavor t o  a l loca te  matar’ial 
f a i r l y  among i t s  customers, but reserves t o  i t s e l f  f i n a l  determination of the 
de l iver ies  t o  be made, 

If unabie 

A l l  orders, contracts, specifications and product constructions a re  subject  
t o  such changes a s  may be required i n  order t o  comply with any applicable law 
or Government order, regulation or res t r ic t ion .  

Goodyear merchandise i s  sold subject t o  any standard Warranty i n  e f fec t  with 
respect t o  it a t  the time the merchandise is shipped. 
a l l  such merchandise sold a s  first-grade material w i l l  confirm t o  specifica- 
t ions  and will be f r e e  from defects i n  material  o r  worknanship. Material 
claimed t o  be defective s h a l l  be returned by the  customer a t  its expense for  
inspection i f  Goodyear so requests, Goodyear w i l l  make an adjustment for 
material  it f inds t o  be defective by repairing it, by replacement a t  an 
adjustment price,  or by other suitable allowance, Material sold a s  o ther  
than f i rs t -grade material  i s  sold without warranty. 

Goodyear responsibi l i ty  under any applicable warranty and otherwise is  l imi ted  
t o  repa i r  o r  replacement of defective material, and i t s  l i a b i l i t y  i s  l imi ted  
t o  the or iginal  purchase pr ice  of the a r t i c l e .  There i s  no other  warranty o r  
l i a b i l i t y ,  express or implied, applicable t o  Goodyear Products; no representa- 
t i v e  has authori ty  t o  make any representation, piCjiii%Se cr agreement eltCept a8 
s ta ted  herein. 

Ooodyear warrants t h a t  

Goodyear w i l l  indemnify i t s  customers against  a l l  claims, demands and l ia-  
b i l i t y  f o r  any al leged or actual  infringement of any patent by the material  
or  a r t i c l e s  furnished under any accepted order provided the Customer n o t i f i e s  
Goodyear of any alleged patent infringement and upon request tenders Ooodyear 
t h e  defense of t h e  claim or su i t ,  

C -14 
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1. 

2. 

3. 

L o  

5. 

6. 

C uot3t ion Provisions -- 
Price lists and quotations are  subjsct t o  change without notice. 
acce?ted orders a r e  a l so  subject t o  change by Goodyear, but the Customer w i l l  
be not i f ied  of any pr ice  increase and may cancel any undelivered portion of the 
order by writ ten not ice  t o  Goodyear delivered not more than  10 days after noti-  
f i ca t ion  of the increase. Upon cancellation, the Customer s h a l l  have no lia- 
b i l i t y  for  the canceled portion of the order except ae t o  goods than manufactured 
OP 4.6 ~ ~ o a m r l a  s6apeirrnbii Breeured BY O@SSp@dP €rem euDs3do seur431, hila 6i306%&% 
tool ing and equipment procured for  performance of the  order. 

Prices i n  

In addition, a l l  pr ices  are  subject t o  increase from time t o  time t o  compensate 
f o r  any tax, excise or  levy imposed upon.the goods sold, or  upon the manufacture, 
sale ,  transportation o r  del ivery of  them, or  whenever any tax, excise, levy, l a w  
o r  governmental regulation has the  effect ,  d i r e c t l y  o r  indirect ly ,  of increasing 
the cos t  of manufacture, s a l e  o r  delivery. 

Goodyear s h a l l  not be l i a b l e  o r  deemed i n  defaul t  f o r  f a i lu re  t o  del iver  or  
delay i n  del ivery due t o  any cause beyond i ts  reasonable control. 
meet del ivery scneduies, hodyear  w i l i  endeavor t o  a l loca t e  irateria’: fairly 
among i t s  customers, bu t  reserves t o  i t s e l f  f i n a l  determination of the de l i -  
ver ies  t o  be made. 

If unable t o  

A l l  orders, contracts,  specifications and product constructions a re  subject t o  
such changes as  may be required i n  order t o  comply with any applicable law o r  
Government order, regulation o r  res t r ic t ion.  

Goodyear merchandise i s  sold subject to any standard Wrranty i n  e f f ec t  with 
respect t o  it a t  the  time the merchandise i s  shipped. 
a l l  such merchandise sold a s  first-grade material  w i l l  conform t o  specif icat ions 
and w i l l  be f r e e  from defects  i n  material o r  workmanship. 
be defective s h a l l  be returned by the customer a t  i ts  expense f o r  inspection i f  
Goodyear so requests. Goodyear w i l l  make an adjustment f o r  material  it f inds t o  
be defective by repairing it, by replacement a t  an adjustment price, o r  by o ther  
su i t ab le  allowance. 
without warranty. 

Goodyear warrants that 

Material claimed t o  

Material sold as other  than first-grade material  i s  sold 

Goodyear respons ib i l i ty  under any applicable warranty and otherwise i s  l imi ted  
t o  repair o r  replacement of defective material ,  and i t s  l i a b i l i t y  i s  l imited t o  
t h e  or ig ina l  purchase p r i ce  of the a r t i c l e .  i 
l i a b i l i t y ,  express o r  implied, applicable t o  Goodyear Products; no representa- 
t i v e  has authori ty  t o  make any representation, promise o r  agreement except as 

Goodyear w i l l  indemnify i ts  cuskomers against  a l l  claims, demands and l i a b i l i t ;  
f o r  any alleged or  actual  infringement of any patent by the material  o r  articles 
furnished under any acceplied order provided the Custmer n o t i f i e s  Goodyear of 
any al leged patent infringement and upon request tenders Goodyear the defense 
of the  claim or  suit. 

There i s  no o ther  warranty o r  

-+ -+-A he..&- - V u  Y b U  LA-& b a L . 0  
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A t  thio the, we request the CoL?vrlng iafcxmntlon Rvnp your 
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00 0 Q VIRON 

A DIVISION OF GEOPHYSICS CORPORATION OF AMERICA / CHAR-GALE BUILDINQ, ANOKA, MINNESOTA 55303 

A R M  CODE 6124214960 

October 9, 1964 

Mr. Daniel L. McGinnis 
Air Products and Chemicals, Inc. 
Allentown, Pennsylvania 

Dear Mr. McGinnis: 

This letter is in reply to your.ilrquiry to James Menke dated September 1 5 ,  1964, 
concerning gas storage containers for recovered helium in connection with the 
Saturn V launch vehicles. 

DESCRIPTION OF STORAGE CONTAINER 

The type of storage container we I-ecomend is an inflatable structure having 
the shape of a half-cyclinder with quarter-spherical ends. It is essentially a 
two compartment structure separated by a flexible wall which permits either 
compartment to expand to assume any portion of the total volume of the container. 
One compartment is for storage of beliiimwhile the other serves as a variable 
displacement air chamber to maintain pressure on the outer envelope thereby 
sustaining the external shape of the container. 4 pressure activated relief 
valve and blower combination is incorporated in the air chamber to transfer air 
into or out of the air chamber to compensate for the transferred helium. 

The structure is anchored in position by a base anchoring system around the 
The anchor system consists of a concrete footing to perimeter of the container, 

which the base of the structure is firmly attached. 

Due to a combination of structural and practical limits of size, a number of 
containers of a limiting size is required to provide a storage capability of 
6,000,000 scf. 
plenum arrangement transfers the lielium from the source to the manifold and 
maintains a condition of no back pressure on the source. 

The containers are connected to a common manifold. A blower and 

STORAGE CONTAINER PARAMETERS, 
_ -  

a. material of Constructioii - urethane coated i i y l ~ n  f ~ b r i ~ .  

1. Main envelope 32 o z .  per sq. yd. 
2. Floor 16 0 2 .  per sq. yd. 
3. Inner compartment 8 o z .  per sq. yd. 
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Mr. Daniel L. McGinnis - 2- 

STORAGE CONTAINER PARAMETERS (Cont'd) 

October 9, 1964 

b. 

C. 

d. 

e. 

GENERAL 

Size 

1. Width 92 feet 
2. Total length 212 feet 
3. Volume 600,000 feet3 

Total weight of Inflatable Container - 12,000 lbs. (approx.) 

Approximate Diffusion Rate 

1. Helium out 100 cubic feet per 24 hours 
2. Air in 25 cubic feet per 24 hours 

Blower size 6000 CFM at 11 inches H20 

Life expectancy will be largely a function of exposure to the elements and 
carefii: haidling preceduree diirffig f i istalhtion.  
weatherability is very good for urethane coatings, consequently we would estimate 
the life expectancy of such a storage container to be approximately five years 
of continuous usage. 

Reefstance to abrasion and 

Little or no maintenance would be required. 

We know of no design standards for this type of helium storage. The closest 
related standards are probably tho@ for "Air Houses" or "Air-supported Structures". 

The limitations on this type of storage are primarily limitations in size due 

There 
to material strength. The width (diameter) of the structure is limited to 
approximately 92 feet under the design conditions specified in your letter. 
are no practical limits on the rate of fill since the system can be designed for 
nearly any-desirable rate. 

The cost of a storage system as described above having a storage capacity of 600,000 
cubic feet is approximately $150,000. 

Thank you for considering Viron as a possible source with respect to this requirement. 
If you have any further questions do not hesitate to contact us. 

Sincerely, 

VIRON DIVISION 
Geophysics Corporation of America 

John R. Breckenridge 
Engineer 

JRB/nw 
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October 9 th .  1964 1 

I M r .  D. L. McGinnis 
A i r  Products 81 Chemicals, Incorporated 

I Allentown, Pennsylvania 

Dear M r .  McGinnis: ' 

Thank you f o r  your l e t te r  of September 28th. Unfortunately,  

October 7th.  It appears t h a t  breather  balloons would be unsa t i s -  
f a c t o r y  f o r  your p a r t i c u l a r  requirement due t o  t he  fact  t h a t  t h e  
pressures  involved are too great and t h e  an t i c ipa t ed  volume'is. f a r  
t o o  large t o  make brea ther  balloons p r a c t i c a l .  As s t a t e d ,  I feel 
t h a t  a vapor spheresor  some o the r  type of pressurized holder  would 
be more s a t i s f a c t o r y .  

t 1 cannot add anything further to our telephone cofiversation of 

I f  o u r  engineers can come up wi th  any p r a c t i c a l  so lu t ions ,  
we w i l l  forward the  information t o  you. 

Sorry we could not be of f u r t h e r  service.  

Very t r u l y  yours, 

REEVES BROTHERS, INC. 
VULCAN DIVISION 

E. R; Albert  
Sales  Manager 

ERA: j ts 

cc: M r .  J. H a r t w e l l  
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GENERAL AMERICAN 'rRd1 NSPOI {TATi ON CORPORATION 
380 Madison Avenue New York 17, New York Oxford 7.2525 

October 28, 1964 
Air Products & Chemicals, Inc. 

Allentown, Pennsylvania 
P. 0. Box 538 

A t t :  M r .  D. L. McGuinesa 

Re: H e l i u m  Recovery 
N,A.S .A ,  .?reject 
Kennedy Space Center 

Gentlemen: 

The following w i l l  refer t o  our exploratory discussions recent ly  
to deteimine the essential c r i t e r i a  i n  che problem presented you 
by N.A.S.A. regarding recovery and pur i f ica t ion  of helium. I n  
view of the f a c t  tha t  your current thinking is  along theU.nes  
of a separate container a t  each launch posit ion serviced by a 
mobile compressor transport ,  and s ince the location of your pur- 
i f i c a t i o n  u n i t  i s  not  yet  determined, w e  would o f f e r  the following 
commentary : 

On consideration of a r i g i d  s t ructure ,  on which I understand no 
approval has ye t  been indicated, we would recommend your consid- 
e ra t ion  of the Wiggins G.asholder,. counter-balanced t o  afford the 
minimum col lect ion back ?ressureo Except f o r  the f a c t  that  ad-. 
jacent s i tes  are not clo3er than two mlles and the launch sequence 
not known, it may st i l l  b e  possible t o  use one s t ruc ture  f o r  two 
s i tes ,  This,  of course, would require running light wall plping 
between w i t h  pressure sensi t ive boosters and with the containment 
s t ruc tu re  located somewhere between the adjacent s i t e s .  

I n  order  t o  f a c i l i t a t e  y m r  conslderations I am attaching copies 
of our brochures e n t i t l e d  "The Wiggins Gasholder", "Wiggins 
Conservation Structures" and "Vapor &lancing Systems", with the 
l a t t e r  being considerably out  o f  date but included f o r  your i n -  
formation. Separately attached, I have also noted spec i f ics  
relative to the 
types O f  vapor containers, of which you w i l l  note t h a t  the only 
s t ruc tu re  affording the capacit ies which you w i l l  require is  the 
Wiggins Gasholder, I believe t h i s  sheet w i l l  supply most of the 
general information requested I n  your l e t t e r  of September 28th, 
addressed t o  our Mr. J, C, Thompson. 

capacity rimgzs an4 operz t ing  preijaureij Of three 
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b r m G P  5M 9-62 . .  
GENERAL AMERICAN TI?ANSPORTATION COI3PORATION 

PAGE -2- 
TO 

A i r  Products & Chemical:;, Inc. 

While the polyethylene i)ag t e s t  which you described was suc- 
cessful ,  in the capaci t .es  Involved here we would be much 
concerned about the pos:; ibil i ty of w i n k l e  and aging failure, 
and the su i tab le  manufa&ure and fabrication. 
theoretlcally, would aQrirably meet the requirementa, if your 
investigation should indicate  that  this i s  not feasible, then 
I t h i n k  the r ig id  struczurc as indicated above should d e f i n i t e l y  
be considered, 

While th i s ,  

When the operating c r i t ( : r i a  are more c l ea r ly  resolved, since 
General American is prelminent i n  the low pressure gas storage 
f i e l d  in the  United Sta;es,would f u r t h e r  suggest your consider- 
a t ion  of a design study contract with our corporation including 
possibly,  an  option t o  construct, on this project ,  With seven 
iden t i ca l  i n s t a l l a t i o n s  w e  f ee l  t h a t  def in i te  economies can be 
effected whether on the Wiggins Gasholder a t  the approximate 
f igures  Indicated, o r  any other. 

I have a l s o  included a general specif icat ion applied t o  a Wiggins 
Gasholder proposed f o r  -<he C i t y  of New York which w i l l  serve t o  
i l l u m i n a t e  the data shown on our separately attached comparison 
and commentary sheet. 

In accordance with our discussion, t h i s  data I s  transmitted for 
your consideration and upon completion of same w e  would be p leamd 
t o  meet with you t o  exp:Lore t h i s  f'urther, 

Very t r u l y  yours, 

GENERAL AMXRICEN TRANSPOIiTATION CORPORATION 

n.h. N, M. Wiseman L3& 
Sales Engineer 

NMW: l g  

En cloaure 
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I 'M: CITY OF NZW YORK 
I 

I WIGGINS GASH( LDER SPECTFICATTONS 
I 

' Working Pressure  
l ( Inches  of Water) 4" - She l l  Height- 74' -8-1/4" 

Shipping Weight 52713% (Eat , )  

I n s t a l l e d  Weight 559J13'# ( E s t , )  - - Gas t o  be Sto red  

10 GENERAL DESCRIPTION: 

rm- --*--*.--, pL-A,AGAp-  ci A ,;f opaFntfoi, c=' -=he w r m m r w e  m h e u n - n q  
M A U U A L I O  U t & . L ) l A W - J L I  

1 s  pr imar i ly  a p i s t o n  In 8 cyliridttr v J t h  a g a s t i g h t  s e a l  t h a t  
allows the  p i s t o n  t o  novc i n  the c:yl.intier without f r i c t i o p  o r  
contact .  For medium r:nd large c s p a c j  tv gasholders,  the pi2i;on 
is supplemented by a tl t r u c t u r a l  f1~8~1eworlc c a l l e d  a telesco;,l:.z 
f ende r  t h a t  moves v e r t i c a l l y  i n  the unnu:lar space between the  
p i s t o n  and s h e l l  and :terves t o  h o p  tho gasholder s h e l l  t o  a 
minimum and economics:. hdight. The g w  Is contained In the  
space provided by the  bottom, lawor por t ion  of the  s h e l l ,  ln- 
n e r  and o u t e r  s e a l s ,  cmd ciston, The v a r i a t i o n  of the gas 
space i s  obtained by the F e r t l c n l  mc)rernsnt of tne p i s t o n  and 
te lescoping  fender. '%.e cperat::on of' the asholder  is such 
t h a t  only the  p i s t o n  riovb3s f o r  the fl.rst 1 7 3 of the  gasholder 
capaci ty .  
t e lescoping  fender  an(\ p l s ton  move v o r t i c a l l y  a3 one unit, . 
The guiding of the  pi:iton in  tho gssho:Lder s h e l l  is accom- 
p l i s h e d  by the  seals tmd the baloncj-xig system, The s e a l s  
maintain the  p i s t o n  aiid telescoylng fender  centered i n  the s h e l l  
and prevent  t he  rotatl.on cf these two s t r u c t u r e s .  The balanc- 
i n g  system, t o  be described l a t e r ,  wuinteins these s t r u c t u r q s  
i n  a l e v e l  pos i t i on .  To p ro tec t  the gasholder from o v e r f i l l i n g ,  
a volume c o n t r o l  v a l w  I s  furni:3h.od which is  mechanically oper- 
a t ed  by the p is ton .  
0- PPclnt8F - - - -  than the piston steel weight (approximately 2 . 9 ' )  1s 
ob.ta1ned by p lac ing  concrete weight8 on the  p is ton ,  

For the reiiaiAng 213 of tho gasholder capac i ty  the 

'!he spec i f led  opera t ing  pressure  when 

c -26 S p e c i f i c a t i o n  Shee t  WGB-1 
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I 

GEE!EXAL A X R I C  AN * ?PA 3E.P ORT ATIQ N CO RPORATION 

PROPOSAL NO. : 425% 

TO: CITY OF NE34 YORK 

11. MATSRIALS: 

All s t r u c t a r a l  shape3 cird bars w i l l  conform t o  
the  most r ecen t  ASTM spec i f i ca t ions  A - 7 ,  standard s p e c i f i -  
ca t ions  f o r  s t e e l  i n  briclges a x .  t u i l d i n g s .  All p l s t e s  
s h a l l  conform t o  the  most rete?,!. ASTl4 s p e c i f i c a t i s n s  A-283, 
Grade C ,  s tandard sp3cif'icationt for low and intermediato 
t e n s i l e  s t r e n g t h  caraon s t e e l  p la t03  of s t r u c t u r a l  qua l i t y .  
A l l  s h e e t s  w i l l  be of' cornercial. qua l i ty .  

111 . STRESSES : 
r n L  ---I- 1 a - -  .-~-l? L- ~ . . - 4 - , . a  c- - . . C r * l -  ..4 ep A L L e  & U J L L a I  A O L -  C L l l C I I I  UU L ' . U 3 A & A Q U  UU C b c l A W A J  W I U  A- 

stand a l l  s t r e s s e s  t >  which i t  may be subjected within 
permiss ib le  d e f l e c t i m .  
following bu i ld ing  c 3des: 

The design s h a l l  conform w i t h  the  

American I i s t ' i t u t e  of St,eel Construction. . . .1948 
American W3ldir1g Soc ie ty  Standard 

Rules fop  F:'LE:1d Welding of S t e e l  
Storage . r a n k ~ . . . . . . . . . . . . . . . . . . . . . . . ~ . . . . . . l 9 4 7  

Thesummary of  ';he design s t r e s s e s  f o r  A - 7  steel 
as s p e c i f i e d  i n  the above codes a re  a s  follows: 

Shearing s t r e s s  debs of beams - -0 -0  13,000 lb.  per sq.in. 
Shearing s t r e s s  bolts - - - -0------0- 10,000 lb .  p e r  sq. in. 

Bearing s t r e s s  m i l l e d  su r faces  -=-- 30,000 lb.  p e r  sq.in. 
Bearing s t r e s s  f i t t a d  s t i f f e n e r s  0- 27,000 lb. per  sq.in. 

c -27 
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GENERAL AMERICAN TRANSTOR'FATTON CORPORATION 

PROPOSAL NO. : 42886 

TO: CIm OF NEW YORK 

IV FOUNDAT ION: 

Unless otherwise e p o o i f i s d ,  the foundation will 
be furn ished  by o thers .  Design loadings f o r  the foundation 
will be furnished orb roquest.  In  general ,  where the pro- 
posed e r e c t i o n  s i t e  ha:3 a s o i l  bear ing  capac i ty  of  20CO#/ft2, 
a r i n g  wal l  foundat:-on u n d e r  t h o  She&l and a sand pad over  
the grade w i l l  be st:f?lcient.  For pre l iminary  es t imates  of 
trhe foundation, the i n s t a l l e d  weight of the gasholder g iven  
on page 1 can be uscd. 

V, BOTTOM: 

The bottom s h a l l  c o n s i s t  of 3/16'' p l a t e s  l a p  
welded w i t h  a l-I/b1. l a p ,  laid d i r e c t l y  cr. 9 3and cushion or 
?ouridation a8 f u r n b  hsd by o tners. 

VI. SHELL: 

The she l l  sha l l  conh i s t  o f  two cy l inders  w i t h  an 
o f f se t  which i s  known as Type B cons t ruc t ion ,  
of . t h i s  o f f s e t  is approximateig -1 1 -0" . The lower s h e l l  
has an ins ide  diameter of 34 1 -8-1 / I d  ' I  , and the upper s h e l l  
has an ins ide  d i a m e b r  of I -Q-y?!/ " . The s h e l l  c o n s i s t s  

welded. Gast ight  ccJnstructiori is requi red  for approximately 
the lower 45% of thf she l l .  The shell above the o u t e r  s e a l  
connection serves  a:' an abutment; sur face  and weather housing 
only. The s h e l l  is designed for 30 l b s .  p e r  sq.ft, dynamic 
wind load  pressure  with a 0.7 coef ' f ic ient  of drag f a c t o r  on a 
c y l i n d r i c a l  s h e l l  aiid is s t i f f e n e d  by v e r t i c a l  and circum- 
f e r e n t i a l  s t i f f e n e r r  where necessary.  The v e r t i c a l  loads  on 
the she l l  a t  t he  off'set a r e  c a r r i e d  t o  the foundation through 
s t r u c t u r a l  supports  

The e l e v a t i o n  

(/';$w,,q9-of 3- p l a t e ,  and t h e  verZibcnl a n d  hor i zon ta l  seams a re  -budH/ 

VI10 ROOF A N D  ROOF FRAMII.!G: 

The roof 3.s R cone. wi5h a p i t c h  of 3/14: i n  '12" 
and is supported by radial t r u s s e s ,  r a f t e r u  and t r a n s v e r s e '  
beams. It is desigimd for a 25 lb. p e r  s q - f t .  snow o r  l i v e  
load, 
s t r u c t i o n  w i t h  a 1" lay. 
ing i'ramework a r e  01' welded  and bo l t ed  construct ion.  

The roof con::ists of  3/16" p l a t e s  arid l ap  welded con- 
The roof t r u s s e s  and o t h e r  support-  

C -28 S p e c i f i c a t i o n  Sheet  WGB-3 
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GENEX4L AMERICAN P 3 XPORTA TIOIJ CORPORATION 

PROPOSAL NO.: 42886 

TO: C I T Y  OF NEW Y O M  

b - 
V I X X ,  P ISTON : 

reinforcement and a v e r t i c a l  fendor a t  i t s  periphery.  
bottom cons i s t s  of 3/16'' s t e e l  p l a t e  and l ap  welded con- 
s t r u c t i o n  with a 1" l a p .  The s t r t i c t x m l  reinforcement con- 
sists of r a d i a l  members and c ros s  bracing. These membors 
a re  designed t o  withstenci the  f u l i  l o a d  of the p i s k m  and 
concrete weights when the? pistor i  is supported on pipe sup 
po r t s  which is the n3aximQm load  condition. The p i s t o n  fan- 
d e r  cons i s t s  of a framc.work of s t y u c t u r a l  members end an 
abutment sur face  of #a- ;<age s p i r a l  s h s e t s  bo l ted  and/or 
welded t o  t h i s  frbmwol'k, The 'render abutment sur face  i s  
designed t o  con t ro l  s e a l  d i s t r i b u t i o n  and t o  withs5snd t h e  

through the  seal .  

The p i s t o r  c c w i s t s  oi? H f l a t  bottom, s t r u c t u r a l  
The 

cQnnre?z.sive lQn_dS ippnEet1 it. hy +.he gas prBssurn acting 

Pipe suppcrt  n3zzles a re  provided i n  the  p i s ton  
t o  make access t o  the underside of the p i s t o n  poss ib le ,  The 
pipe support  nozzles a m  so arranged t h a t  with the  p i s ton  
f l o a t i n g  a t  an elevateu .Josi t ion i t  i s  poss ib le  t o  i n s t a l l  
support  legs i n  t h e  nozzles. T 5 . i s  permits landing the gis- 
ton  a t  an e l eva t ion  or' auproximatoly 31 above the bottom, 
Pipe support  l egs ,  Lnlesv s p e c i f i c a l l y  spec i f ied ,  a re  not  
f'urnished with the gasholder. (MOTE: It is f e l t  t h a t  fab- 
r i c a t i o n  of pipe suyporst l egs  when they a re  needed t o  in- 
spec t  the  bottom of the sasholder and underside of  the p i s -  
ton, w i l l  be more s s t i s f s c t o r y  3ecause of  t he  probable l apse  
of time between comy1ei;ion of e:rection and inspect ion,)  

working pressure of the gasholder a re  placed d i r e c t l y  on the 
p i s t o n  bottom. 

The concrete  weights used t o  ob ta in  the  specifaed 

IX. TELESCOPING FENDER: 

The te iescoping fendor cons i s t s  of a bottom c i r -  
c u l a r  girder, a PranteworK or' Etruc tura i  members, and a top 
g i r d e r .  An abutmen? surface forb tho ou te r  and inner s e a l s  
of #l4 gage s p i r a l  sheuts  is boltad and/or welded t o  the  

' 

franework. The telcscoping fender  is designed f o r  t he  com- 
p res s ive  loads lmpoeed by the working pressure  actinR through 
the seals,  

C -29 
Spec i f i ca t ion  Sheet  WGB-4 
5/1/53 



GENERAL AMERICAN TR'SSPORTATIOa CORPORATION 

PROPOSAL NO.: 42886 

City cf KCI: York 

e--- ---- - 
Xo , SEALS: 

There a re  no seals In ehc ITpo B gcsholdsr -- =.ii 
outer seal and an illno..* ssal. The outoi- s o a l  oxtends fro3 
t he  s h e l l  connectioit t o  the botkoa gas t igh t  c i r c u l a r  gi:-dc: 
of the te lescoping .'endec, and 7,hc t m o r  seal  oxtcnds f?os 
the te lescoping fen( e r  t o  tho pistonn, Tho seal m t e r i a l  
i s  composed o f  a sy i th t i t io  m b b u r  compound roinforcod w i t h  
f a b r i c  yarns that ar'e i lot  susoopt ible  to  r o t ,  weathering, 
02 chemical reactioir ,  Tho cuul  3:s a temperature r a g e  of 
180° t o  ,400 F. 
between the  p i s ton  felasooping render and she l l .  

I 

Tho ssals scrva 8s the g a s t i g h t  c losure  

XI. LEVELING SYSTEM: I 
I 

To maintaiii the p is ton  nnc toloscoping fender  i n  
a level pos i t ion ,  tile gasholdor I n  oquipped n i t h  a level- 
ing  system t h a t  con*!iscs of a wight;  that  imposes sn u p l i f t  
a t  two diametrical1.r  opposito points  on the pis ton.  Tho 
l evs l ing  weight t r a v e l s  v e r t i c a l l y  in a guide fram on ths 
outs ide of the gash8,ldor s h e l l  ,and a c t s  on the p i s ton  through 
Bethanized o r  equal cables t h a t  mu supported by cable  
sheaves placed on tlm roof of tne  gasholder,  The l eve l ing  
system w i l l  balanoe an eaoontrlo live load on the p i s t o n  o r  
te lesooping fender .,qual to the wsight o f  the l evo l ing  weight. 
To balance the  p i s t t n  and te lescoping fender i n  a l l  quackants, 
two weights are used ana placed at; 90 degrees t o  oach other ,  
The p i s ton  I s  desigoed t o  be €E balance,  and no normal eccen- 
t i- ic loads a re  p re sp in t ,  Tho t z ~ b l o  sheaves are equipped wl th  
bronze bushings and are supportsd by corrosion resistant 
s h a f t s  on a su i t ab l l ,  s-cructural  steel frame. Proviaions Q ~ O  
made t o  a d j u s t  the Lengths of the l.o%eling weight oables and 
t o  permit alignment b e w e e n  the sheaves and p i s ton ,  All 
p a r t s  of t he  l e v e l i i g  3 3 s t e m  are ex te rna l  t o  the gas  spa00 - 
and are  r e a d i l y  acc,3ssit le f o r  inopeotion a t  all times. 

XII, OPERATING OR WORKIN(; F,%SSURE: 

The WIGGIN3 GASHOLDER shall be designed f o r  the 

0 t o  l /3 f ~ l l e ~ . e , . e e . -  3 inches water gags 
1/3 fill t o full . .  . . , . y i n o h e a  r a t e r  gage 

following operat ing preasures: 
3 7" ' :  

SpeciEica$fon Sheet WGB-5 
10/19/54 
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TO: 

GENERAL AMER'LSAN rmwomAmox CORPORATION 

X I I I ,  ACCESSORIES: 

A, The r o o f  w i l l  be 'e u l p  ed with a suLtab3e number'of: 
v e n t i l a t o r  type ,,9 riaiways. 

8 ,  The s h e l l  w i l l  h%ve nccess C~OOPS i n  t h e  non-gastight 
po r t ion  loca ted  ilong the s ta i rway o r  adjacent t o  the  
ladder ,  whicheve I is furnished, t o  provide access t o  the 
top s i d e  of the liston a t  all elevat ions.  

C ,  The s h e l l  w i l l  hlve ( :overe l  and screened v a n t i l a t o r  
openings i n  the ion-&:astight; port ion,  The number w i l l  
be cons i s t en t  with che size of  tho  gasholder and the  
vents w i l l  be synmetrically arranged v e r t i c a l l y  and c i r -  
cumferent ia l ly  t 3 g i v e  uniform ven t i l a t ion ,  

ways loca ted  i n  ;he lower s h e l l  and 20" she l l  
manway(s) i n  the upoer shell. above t m e t .  

D, The she l l  w i l l  b3 equipped with 1 20" shell man- 

E, The p i s t o n  w i l l  38 provided wtth 1 20 If manway( s ) . 
F, 3 condensate box(es) r J i 3 - I .  be provided t o  d ra in  the 

bottom. (The bottcm of the WL'GGINS GASFOLDER can be 
crowned s l i g h t l y  to  provide Food drainage) ,  

0 ,  An ind ica to r  board ccilibratod i n  u n i t s  o f  volume w i l l  be 
furnished,  T h i s  ind ica tor  is loca ted  adjacent t o  one of 
the  l e v e l i n g  weights and t h e  volume is indicated by a 
p o i n t e r  attached t o  the l eve l ing  weight, 

H. A volume cont ro l  v a 1 w  t o  p ~ o t e c t  the gasholder from 
o v e r f i l l i n g  w i l l  be furnished, 
w i l l  be +F-OOC cu.ft .  ptfr nour based on a gas spe- 
c i f i c  gr-T.0 and the maximum operat ing pressure  
o f  in2hes water gage. 

A pressure $age xouniied on the s h e l l  w i l l  be provided to  
ind ica t e  the  pressure of the s to red  gas. 

The following nozzles w i l l  bo provided: 1 - J8" 
Unless otherwise spec i f ied ,  the l eng th  o r e  n i e x i  
be 611, it  w i l l  be loca ted  i h  the  lower s h e l l ,  and i t  w i l l  
be furnished w i t h  8 f u l l  face  f lange ,  Nozzles smaller  
than 4'' w i l l  be thrended, 

The capaci ty  of the valve 

I. 

S i  

c -31 Specif i c a t i o n  Sheet  WGB-6 
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I TO: CITY OF >!E!/ YORK 

ACCESSORIES: (Conti mod! 

* K. Access to  t h e  r ) o f  will bo p r o v i d e d  by: 

An i n d i v i d i a l  t r e a d  type s t ee l  s p i r a l  s t a i r v i n y  
welded dir3ct ly  to  t h e  shell. 0 
A s t r a i g h t  c a g e d  l a d d e r  we lded  d i r e c t l y  to  the a s h e l l .  

* X Zig-Zag s ta i r s  
XIV. WELDING: 

Welding on  t h e  p s h o l d e r  s h e l l  w i l l  be in a c c o r d -  
ance with t h e  Americoa Kelding Society S t a n d a r d  Rules’  
for F i e l d  Wolding of Steo2, Storage Tanks, 1947. 

xv. TESTING: 

The w e l d s  in t h e  bot tom anti piston bottom w i l l  be 
t e s t e d  w i t h  a s t a n d a r d  vacuum box and s o a p  suds at a 
vacuum of n o t  loss t h a n  5 lbs. . Tho tical c o n n e c t i o n s  t o  
t h o  s h e l l ,  t e l e s c o p i n g  fender  and ;>iscon w i l l  be t e s t e d  
for g a s  t i g h t n a s o  by s o ~ p  suds OF by floodirrg w i t h  water 
at t h o  g a s h o l d e r  opur at in,:  p r e s s u r e  a f te r  t h e  g a s h o l d e r  
has been  c o m p l e t e l y  ercc; tcd.  Tho :-etiainder‘ of t h o  soams 
in t ho  g a s t i g h t  p o r t t o n  of t h e  g a s h o l d e r  w i l l  bo tested 
at the specified working  p r e s s u r e  by a s t a n d i n g  l e a k  test. 

I =I. DRAWINGS: 
For Approva l :  - 
After Approva l : -  

3 - c o p i e s  of G e n e r a l  Arrangement  

5 - copies of G e n e r a l  Arrangement  
A d d i t i o n a l  d r a w i n g s  c r  comple te  d e t a i l  d r a w i n g s  w i l l  be 
f u r n i s h e d  a t  extra  ccst. 

C-32 S i x c i f i c a t i o n  S h e e t  VlGD-7 
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ments and stat tng that all. of their  problem were connected with contamimtion 

of stored pure helbm by aQr permating -t;hroirgh the iiier bag at the rate of 

140 t o  150 ppm per day, they advised t ha t  this type of storage should be 

compatible with our needso The P i 1  report is outlined bel.owe 

The two storage con.l;atners used at Lewis Research Cenker are true hemispheres 

92 feel in diameter aniX each capable of containing 200,000 scf of helium 

at a pressure of app*roximateiy one inch of wmcr, 

af an  inner hemisphere f.0 contain the helium and an outer hemisphere t o  

provlde protectjon from tne weatherc 

hypalon-coated nylon fabric and as used at; L e w i s  has EL laminate of aluminized 

nyJ.ar on the helium or f.nner side, 

coated nylon fabric, the outer sa-face of which i s  given ri f i n d  coat of 

-on which a c t s  both 8s a weathering agent and as Q sunlight reflector. 

Blowers are used to i n f l a t e  thel outer shell wjth  air. T ~ E  sir inside is 

vented through calibrated vents at the top to prevent accumulation of 

stagnant air inside, permitting work inciae while i;hc shell is j.nflated. 

Zacn corrtainer is caupiised 
c 

The inner hemiephere material is 

'fhe outer hemisphere is  nsde of neoprece 

The outer bag has a personnel hatch and two twelve inch windows 3.0 allow 

observation and actual inspection of the helium container while i n  use. 

The! outer shells are designed for steady 75 MPH winds with gusts up to 

85 MPH. However, the main enemy is not w i n d  but the ~ u n  which deterdorates 
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The persistent problem at, Lewie with t&oc con:;~-i:ers is the permeation of 

air fimn the outer shell. at 1 to 1.-1/2 inch& 09 uata:-: i n to  %he kli& %n 

the Inner bag at. approx'iwtely OcL inches of ?cater Lese *:.'mn the outer 

shell preosure. This perneation adds an awmge af 147 ppn Fer day of 

con-nts to the hei.im. 

pressure then the air in the outer s h e l l ,  tine loss of helium by pemat ioo  

is michized. 

Decswct of the hell.- bcing at a lower abso1ut.e 

Contamination of the cont.ained helium at the Icwls rr;:xL:.one?d above would 
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described above, and then  sta‘rtcd We blowers to ~ci;ilrn the outer a h e l l  to 

normal. 

bags have been defbted.  

The whole procedure rm be finisbed 5 3  5 or 5 hours rZtw ?he 



I -  * 0 APPEXDIX D 

AL: Product8 & Chemical@ lac. 
P.O. BCXA 538 
Allentown, Pa. 

A t t e . n t b n 8  Mr. Dan K e l L m n h  

Siibicct: SI3 004-1165 

, DOcclpabOr 18, 1964 

D e a r  Mr. Kallernanr 

C o n f i r m i n g  recent conver m t F c a  w i t h  our Mr. Lo -at&, we are 
enclosing speciffcation .!heat. and os%iCmte OR C a r b l h  Comgroms~8 
to moot your: requlrematt.i. 

volumetxic efficiency C P W ~  and cSim2naf.m prfrrta faac unite 
offered are enclosed. 

. -. 

~ B u l l e t i n  4074A, along w i i h  general cronu section drawing, 

. .  / .  

. .: 
. ,  
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COMPRESSOR QUOTATION F'ROM FULm COMPANY 

M V I S I O N  OF GEXEBAL AMERICAN TRANSK)RTA!I!ION 

I. Sutorbile Lube-Type 

Cost W/O Motor 

Motor 

BHP 

H20 

A f'ter cooler 

Weight 

i)i.mension 

I - 
$15,000 

500 HP 

600 RPM 

Induction 

495 

Recip . 
4 

$ 3 Y  600 

5 m  

1800 

v Bel t  

6 - 
$6,500 

200 IIP 

I200 

Induction 

168 

- 
300' 

25w 

D-3 
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COMPRESSOR QUOTATION F'ROM ROOTS-CONNERSVULE 

1. 45.5 scfm Unit - not able t o  handle 8 8 psig due t o  high temp. rise 

- prob 4-5 psig or  higher cfm - 

2. 8300 cfi @ 6 psig unit  
Motor 13hp - 

1854 RGS 580 rpm D i r .  Conn. 365 400 hP 

1841 RGS 700 rpm D i r ,  Conn. 335 350 hP 

(Not synchronous ) 

Temp. R i s e  Costs W/O Motor Include 

143% $15,200 Silencer, Guard, Exp.  Joints 

131OF $14,600 & Muunting Motor 

Approximate Weight - 14,000# 
Direct-Connected - Add Motor Dimension t o  L 

W/O Motor 

L = 99" + Motor 

W = 43" 24" $ i n l e t ,  18" fl outlet ,  allow piping space 

H = 60" silencers,  use some reason HT = 10' 

Silencer 

Inlet  = U9" 

Outlet = l.29" + extra (no info  available) 

D-4 



Roots -Connersville 
Page Rro 

3. 5200 cfm @ 6 psig 

14k RCS 

795 RPM 

V B e l t  Drive 

235 Bhp 

140%' Temp. Rise 

$11,300 W/O Motor 

ll,OOO lbs. weight 

D i m e n s i o n s  

Motor + B l m r  side + s i d e  

L = 86" parallel t o  L is V Belt + Motor 

W = 35" *Add Motor 

H = 47" (Silencers included i n  height) 

W = Motor + V B e l t  Drive 

Line Sizes 

20" # inlet  

Btl 8 discharge 

Blower and Motor ver t ical  

%<th 

Intercooler and Silencer = U2" Height 

Quotation obtained from John Kash by telephone. 
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APPENDIX F 

MISCELLANEOUS FEZ%REXCES 

1. NASA Memorandums received during the study. 
2. Engineering and Cost Data fran the following sources: 

Published CamPnercially Available References 

a. Manual of Industrial Construction, Estimating and Engineering 

Richardson Engineering Services, Downey, California 
Standard6 

b. Cost Engineering Notebook, Published by American Association 
of Cost Engineers 

C. National Construction Estimator, 1960 Edition, Craftanan Book Co. 

d,  Flwineering Data Book, Natural Gas Processors Suppliers 
Association, 195'7. 

3. Past experience of Air Products and Chemicals, Inc. 
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